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• Pneumoconiosis '-Proust's (1374) 



. < I f i ** v »? rraa* 


-simply means * dusty lung*. Thus# any dust-ridden 
state of the lungs or disease process resulting 
from it may legitimately tee called * pneumoconiosis* 


Classifying ’pneumoconiosis* for medical 
purposes rests upon morfeid anatomical changes# end 
thus embraces a variety of lung disorders. 


Following this principle the industrial 
Injuries Advisory council (1973) recommended that the 
terms ’pneumoconiosis* should tee taken to mean 
permanent alteration of lung structure due to the 
inhalation of mineral dust and the tissue re actions 
of the lungs to its presence# teut should not include 
bronchitis emph ysema. This recommendation can tee 
usefully expanded as f Allows < * Pneumoconiosis * is 
defined as the non-neoplastic reaction of the lungs 
to inhaled mineral or organic dust and the resultant 
altera tion in ***** *• structure excluding asthma# 
bronchitis emphysema# There era three key words 
in this definition i dust# lungs end' re lilt Ion . 




DUST 


Dust* consist of solid particles of Mineral 
or organic origin dispersed In air and# as such* are 
distinct from vapours# fumes and smoke although all 
these categories are commonly embraced by the general 
term aecroaol* Hence# by definition# pneumoconiosis 
does not include lung disorders such as oedema or 
pneumonia caused by inhalated aerosols other than 
dusts* 


LUNG 


strictly anatomically# the team ‘lung* does 
not include the pulmonary (visceral) or parietal 
pleural membranes which are of different embryological 
origin from that of the lung parenchyma and# although 
it is convsnient and customary to include the 
pulmonary pleura in this term# the parietal pleura is 
clearly distinct* To regard the parietal pleura as 
’lung* is contrary to established eaferyological sad 
anatomical knowledge# end thus# tsrminologic ally 
inasearata* Hence# disease which arises in# or 
primarily involves# the parietal pleura-whatever its 
causa should not b# classed or described as ’lung* 

* •< as as s or ptHpriooeof oat a » 



SIZE SBItSCTIVB DUST SAMPLERS 


Human lungs have been aptly called. Size 
Sel active Dost Samplers . Air born duet, when 
inspired into the lung, undergoes a process of 
s operation based on site and falling rate, like 
wise breathing patterns and minute ventillation 
affect penetration and deposition* Over 80% of 
larger particles (6 ^uand over), impact on raucous 
lining Of larger airways to be removed, usually 
quite rapidly (i*e« with in hours) by ciliary 
escalation however same particles of considerable 
length, ess AssbeStos fibers upto as much as 100 ya 
in length, nay penetrate as far as terminal respiratory 
units. Snail dust particles penetrates more deeply 
but only the fine particles {below 2y«i) penetrates the 
alveolar spices. The retention rate is about 40% in 


2 . <** 1 size bad high for those below 0*2 y». 


REACTION 



The lungs react to inhaled dust in a 
variety of ways which are discussed briefly# the 
reaction may be transient as, for example* in the 
Caen of the acute fibresfng * alveolitis • or 
granuloma formation of farmers* lung* or give riso 


'Mmmm m ! .t 
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To avoid misunderstanding at the outset it 
is important to emphasize that to pathologist*, by 
common consent, * fibrosis * swans excessive production 
of collagen fibres and not proliferation of reticulin 
fibres. Dusts which cause fibrosis are tensed 
f Ibrogenic* 

Both inorganic (mineral) and organic dusts 
may tee classified according to the type of reactions 
they produce* Dust producing permanent fibrosis and 
disability are classified as raalegnant Pneumoconiosis, 


The fibrosis which are reversible included in 

Benign Pneumoconiosis • 


The foregoing definition of pneumoeonios is 
thus includes harmless as well as potentially harmful 
changes in the lungs and in the following pages it 
refers both to innocuous dust accumulation end to 
dust-induced disease confined to the gas exchanging 
region of the lungs (that is# the acini) but which# in 
some instances (for example# extrinsic allergic 
* alveolitis * ) may also involve non-respiratory 
bronchioles* 


Improper terminology# soraetimes encountered 


includes the use of * silicosis* as a general term fnr 

■ ;•« » ' ‘ - ■ 

all form of aoeoto i &&& s - and * to : 




r«£*r exclusively to coal pneumoconiosis, 'Mixed duet 
fibrosis’ means pneumoconiosis caused by the combination 
of free silica with substatial quantities of other duets 
such as coal# carbon or iron oxides# and not to 
different types of pneumoconiosis (for example# silicosis 
and beryllium disease) in one individual. 

During the past 100 years the incidence of 
silicosis and the pneumoconiosis of coal miners steadily 
Increased inmost major industrial countries until the 
1950s# since when it has undergone a downward trend# 
while asteestosis has become increasingly more frequent# 
and disorders of the extrinsic allergic ’alveolitis*' 
type (hypersensitivity pneumonia) - for example# farmers# 
lung only recently been properly recognised. 


The pneumoconiosis become an Important diseaso 
when various compensation claim were filed in the court. 
This lead to strumulate various Agencies so that these 
Industrial hazard could be minimised. Various prophylactic 
measures were derised to reduce the dust petiole in the 
atomsphere industries Regular Medical Check ups# Industrial 
hazard allowance# compensation were* 


Introduced workers working in the dusting 
atmosphere were explained for their# hasords. 


. ■ 

. V.v.:, 

■ ; : . ; , 


tw short* memoeoniosis other dust»induood 
diseases axe an important medical problem' from the s 
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point of differential diagnosis# and as a causa of 
respiratory disability and sometimes# prematura death 
in certain occupations# 

ANATOM? 

some familiarity with the basic features of 
lung anatomy and cytology is necessary for an under- 
standing of the pathogenesis and behaviour of the 
different types of pneumoconiosis and other occupational 
lung disease# 

LUNG AIRWAYS 

From the trachea downwards each branch of the 
airways divides progressively into two daughter 
branches the length and diameter of which are not 
necessarily uniform# The average diameter of daughter 
branches in smaller than that of the parent branch but# 
over the complete number of some 23 generations# the 
total cross-section and volume of the airways system 
increase progressively while the individual airways 
become smaller# 

Branchi are characterised by the presence of 

variable amounts 
continuations# of 
fr fio alveolar ares 
Tim last three or 


of cartilage in their wallet the 
those airways without cartilage 




■ of the Inner constitute 



of bronchioles which aarry a variable number of 
alveoli (alveolus, a little hollow) in their walls are 
named respiratory bronchioles because they are capable 
of gas exchange* The terminal brochiole is the last 
airway without alveoli before the first respiratory 
brohchiole* This diagram is not drawn to scale# the 
airways of the respiratory unit being shown dispropor- 
tions! ly large by comparison with the conducting 
airways, and the distance between generations four and 
17 spans the greater length of the lung* The small 
airways are about 2 mm in diameter or less* 

The lining of the airways as far as the terminal 
bronchiole consists of epithelial cells which are of 
pscudo-stratlfied, columnar and ciliated type* Situated 
irregularly between them are mucus-secreting goblet 
cells opening to the surface* Qodlet cells are plentiful 
proximo lly but become progressively fewer in number 
distally until, in the bronchioles, they are extrasttly 
scanty-at least in health* 


Mucous glands are found only in bronchi and lie 
between the epithelium and cartilage. Their total volume 
is substantially greater than that of the goblet cells 
and it is likely that they produce the greater part #f 
mucous secretion in health and disease (Bald# i960) « 

■■■ ■ ■ ; ; v ■ 

Increased activity is axpreasad by enlargemsnt* “ 
enlargement is fehs structural basis of chronic b 
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thickness is a valuable practical index of Its presence 
and degree of severity (Reid# I960)* 

Secreted mucus spreads as an uneven layer on 
the cilia which possess an auto-rhythmic stroke directed 
proximally and advancing the layer in that direction# 
this process is often referred to as the 'ciliary 
escalator's . Although this is an efficient arr augment 
for removal of inhaled foreign particles it may he 
impaired or destroyed fey some noxious agents# and excess 
mucus in chronic bronchitis may some-times Impose an 
undue burden upon the cilia. 
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REVIEW 0 F 


LITERATURE 


1 « Introduction of dust * 

The medical worker In the field of industrial 
lung disease often encounters mineral and rock names 
with which hemay not be familiar, or he may be unaware 
of the composition of some well-known substance. A 
basic knowledge of geology should enable him to decide 
what the nature and composition of a particular natural 
minesA or rock is likely to be* This notonly save* 
time and points further enquiry in the right direction 
taut alsow helps to establish rational thinking about 
pathogenesis and to avoid mistaken diagnosis. 

The earth consists of a superficial crust a 
few miles thick which rests on a denser mass, the mantle# 
nearly 2000 miles thick, and a central core which Is 
probably solid taut behaves in some respects as if in a 
molten state* Molten rock material, magma (which 
contains gases and steam) also exists as pockets within 
the crust and mantle ©r is extruded on to its surface as 
volcanic lava* 

Chemically, the * average* mm&m&ktm Of ft W'.; ' . - 
crest consist# Of nfeeat 2?*? percent silicon , 4%* W** • 


e«nt oxygen, 8 per cent aluminium and 16,2 per cent 
in aggregate of calcium iron, magnesium, potassium 
and sodium* This gives a total of 99.5 per cent, the 
remainder consisting of all the other elements* 


In our present context it is the crust and its 
rocks which are of importance. The crust is considered 
to have an upper and lower zone# the upper zone, which 
is confined to continents, is composed largely of 
silica and alumina (SIAL) ; and the lower zone, which 
is present beneath both continents and oceans, is 
predominantly silica and magnesia (SIMA) Rock means* 
any mass or aggregate of one or more kinds of minerls 
or of aorganic, whether hard and consolidated or soft 
and incoherent, which owes its origin to the operation 
of natural causes. Thus granite, basalt, limestone, 
clay, sand, silt and peat are all equally termed rock* 
(Geikie# 1908) , The ingredients available for rock 
formation are known as minerals, A mineral is probably 
best defined as an inorganic homogeneous substance 


which occcurs naturally and has distinct crystal structure# 

chemical composition and physical properties. Minerals 


may crystallise in different habits or forms under 


different physical conditions* for example, prismatic, 

r : : ■ V - 

aoicular * asbestiform and platy for single crystalline 


aggregates (toltai 








V : iV-’S ' 




-Ilf 






Silicon and oxygen are the two most important: 
elements in the crust and form a fundamental Si04 
tetrahedral unit consisting of a central silicon ion 
with oxygen ions attached three-dimenaionally at the 
four ‘corners* of a tetrahedron* AMorraa of ‘silica* - 
thatis# silicon dioxide (sio2)x- are comosed of these 
tetrahedra joined by common oxygen atoms so that each 
crystal consists of a giant molecule with an average 
atoiche ion® trie formula of sic 2 • Being uncombined 
they are referred to as ‘free silica* • The tetrahedra 
are linked in various ways by-si-o-si-chains, and the 
manner in which metallic cations are included in this 
linkage decides their form and characteristics* 


The distinction between 'free* and ‘combined* 
silica is important, combined silica is Si02 in 
combination with various cations as silicates* Free 
silica is the roost widespread substance in nature with 
a fibrogenic potential for the lungs* but example #£ 
combined silica which are fibrogenic (mainly and most 
importantly the asbestos group of minerls) are of more 
restricted distribution# It should be noted that many 
reported chemical analyses of rocks make no 
distinction between ‘combined* and “free * silica 
only tho total S102 content may be shown* under 
eirtmaetances et*** auantltv of ‘free * silica remains 

iqmfi mm-m* Ipippilip ^ pjwi nm. w wvwup 11 wf* -i-'f iP'i , 



unknown* 
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Fr«e silica (silicon dioxide) occurs in three 
forms* polymorphic crystalline, cryptocrystalline ( thatis, 
minute crystals) and amorphous (that is, non-crystalline}* 

(1) * Quariz which is stable up to 867°C but is capable 

of raetaatable existence at higher temperatures# 

(2) . Tridymite which is stable from 867°c to 1470°c and 

capable of raetastable existence both above 1470°C 
and below 867°C# 

(3) • Cristobalite which is stable from 1470°c up to its 

melting point of 1723°C but is capable of 
metastable existence at any temperature below 

1470°c. opaline-silica is a variety of cristobalite 
{ Sosman, 1965), 



2 - Pathogenesis of minerals cause pneumoconiosis » 



is primarily determined by particular attributes of the 


cytology, enzyme chemistry, histochemistry and 
have identified seme important features of the 


Precisely why particles of one material provoke 
collagenous fibrosis or other disease processes-sucth as 
sarcoid-type granulomas -whe re as those of 'another do not 
is poorly understood, but one thing is clear* the form 
that the lesions of eadh type of pneumoconiosis tabes 


inhaled particles and by cellular and humoral responses 
to them # end possibly# concomitant infection in the 
lung stay sometimes play a part* Recent advances 
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of pathogenic events following exposure to certain 
mineral dusts both in man and under experimental 
conditions. 

Many theories to explain the fibrogenesis of 
different types of pneumoconiosis have been elaborated 
but only those relevant to current knowledge are 
discussed. 


SXIfiCOSIS 


This suggested that minute electrical currents 
caused by mechanical stresses on quarts crystal* may 
damage tissue cell® (Evans and :.'eit, 1949) # but precisely 
how was not clear. Against this it was shown that 
substances other then quarts which possess piezoelectric 
activity were nonfibrogenic# whereas tri&ymite# which 
lacks this activity# is strongly fibrogenic. However# 
recent work has resuscitated and modified the theory. 

It is postulated that emission of electrons from the 
edges of the tetrahedral crystals of silicon dioxide 
(Chvapil* 1974) or electric change - transfer between 
the crystals and cell members ( dobock# 1968) ioititlt 

A- tfc .it. i«fc- mti % V Jjt 4>St i.i .ruitifc s M **-— tMif» ii#n Mia •#-iMiinrr>i7.- Jfif Jt - — .. — . ...... Jk' ^ 

t JMI OtUL MIH.cH fWPPWMI® x * 
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(1926) and widely favoured until recently - postulated 
that crystalline silica passes slowly into solution 
in tissue fluids producing silicic* acid which causes 
fibrosis. However, there are many reason why this 
theory untenable. There Is a significant difference in 
the fibrogenic potential of different types of free 
silica# the severity and speed of fibrosis being greatest 
due to trldymite then# in descending order# to 
cristobalite, quarz and least of all # to vitreous 
silica although the solubility of all is similar 
(King ©t al.# 1953; stober* 1968) • Quarts etched with 
hydrofluoric acid is much less soluble than unetched 
quartz yet is more fibrogenic (Engelbrecht et al.* 

1958). 


Further more* of the submicron polymorphic forms, 
of silicon dioxide which have similar solubilities to 



quartz coast; te causes little fibrosis and stishovite 
behaves as an inert dust (Brleger and Gross# 1967# 
streaeker; 1965). Finally , sllieie acid* when allowed 
from diffusion chambers into the peritoneal 
cavities of animals while quartz particles are excluded* 
doe# not cause fibrosis (Curran and Rowsell* 1958; Allison 
Clark and Davis* 1977) « 

• ' ' ' . « i , ^ ^ 

Holt (1957) modified this theory The so-called 
extended solubility theory by postulating that sllieie 
acid I# absorbed on to 




causing them to polymerize into collagen* But there ha* 
heen no satisfactory evidence to support this either* 


It appear# then that the ability of free silica 
to cause fibrosis depends fundamentally on two conditions # 
(1)* Particular types of crystal or particle structure 
and their surface properties; and (2). intimate contact 
with cells. 


The process of flbrogenesis and the control of 
collagen synthesis are of general medical importance and# 
for some years past# the effect of free silica on cells 
in vitro and in animals has been used as a model to 
investigate this wider problem as well as specifically' 
the genesis of silica - induced disease* In addition# 
there is now much evidence which points to involvement 
of immunological processes at some stage in the silicotic 
process* Hence# there are two# possibly interrelated* 
concepts of pathogenesis-cellular and immunological - 
which may also be applicable to other types of pomcmary 
disease believed to be causeed by inhaled aerosols. 


Theory based cm cytotoxicity and collaboration of 


Both nco-cytotoxic particles -such as titanium 

‘ ' 5- i •- <*1 

dioxide (rutile)# diamond and amaorphous carhon-and 

' ■ '■ ‘ * *« $ » * * v $ /I **% |jk *fa! ’-A 1 # '*■ <s ** V< * 

cytotoxic particles of quart* when added tomaerophages i 
a culture medium containing serum are quickly ingested 


by the cells and enveloped in their phagosomes* The 
resulting digestive vacuoles (secondary Xysosomes) 
which contain non— cytotoxic particles remain intact 
and the cells undamaged, whereas those which contain 
quartz soon rupture of become permeable and release 
their contents into the cytoplasm. There upon, the 
macrophages becomes round and immobile, and 
disintigrate discharging all their contents — partlclas, 
enzymes and other constituents which are then 
re-ingested by other viable macrophages and the process 
. repeated (Allison, Harington and Birfceck, 1966? Nadler 
and Goldfischer# 1970) • A similar train of events has 
been demonstrated in experimental animal by a double- 
dusting inhalation technique using both inert and toaclc 
quartz dusts (Heppleston , 1963) though the effects on 
macrophages are less dramatic since the concentration 
of minerls particles is generally less than in 'in vitro' 
experiments (Bruch and Otto, 1967), It seems likely that 
similar events also occur in man. 


Macrophages, therefore, are affected in 

dissimilar ways by different materials. Inert particles* 
after phagocytosis do not appear to interfere with the 
normal life-span of the cells# whereas particles of 


crystalline silica continue to destroy macrophages until 
the particles are incarcerated by proliferating colli 




.7 , ■ i ■ ' , ■: V ■■■ 
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tissue which presumably prevents a state of perpetual 
cell destruction* For this reason macrophages probably 
play a minor role in e laminating quartz and other forms 
of fibrogenic crystalline silica particles from the 
lungs. 



lactate dehydrogenase) 


V/hen macrophages are present by themselves in 
a millipore diffusion chamber (from which cells or 
particles larger than 1 um diameter cannot escape) 
placed in the peritoneal cavity of an animal no 
fibrosis of the paritoneumoccurs, but when both macrophages 
and quarts particles ( y 1 urn diameter) are present 
together in the chamber significant synthesis of 
collagen in the visceral and parietal peritoneum 
results. The degree of fifcro genesis is more pronounced 
with lower concentrations of quartz which are not rapidly 
cytotoxic than with higher concentrations which kill 
most of the cells. These observations imply that 
macrophages which have ingested an insufficient amount 
of quartz to kill them secrete a factor which stimulates 
fibroblasts to synthesize collagen (Allison# Clark and 
Davies# 1977). 


Quartz particles affect macropheges in two 
distinctly different ways* When the par tidies are 
to the cells in a serum free medium the majority 
damaged within an hour due to interaction with 
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encounter occurs in a medium containing serum the 
cytotoxic process is delayed because serum proteins 
coat the particles so that they do not harm the plasma 
membrane and only when this coating is digested away 
in secondary lysosomes is the surface of the particles 
exposed to interact with the lysosomal membrane 
(Allison, Clark and Davies, 1977) . In explanation of 
this interaction it has been suggested that the 
numerous strong hydroxyl ( si lanol ) groups of silicic 
acid on the surface of quarts crystals act as hydrogen 
donors in hydrogen bonding reactions with the membranes 
of the secondaary lysosomes causing irreversible injury 
(Allison, 1971) i and the importance of the absorption 
properties of si lanol groups in the fibrogenic activity 


of quartz dusts - which apparently differs in quarts 
from different geological sites' - has, in fact, been 
demonstrated by physical methods - such as chemolumines- 
cence intensity and infrared spectroscopy (Krlegsels 
et al« 1977) * This harmful effect and that of cell 
membrane damage is blocked by coation the particles with 
aluminium cr polyvinyl pyridlne-N-oxide (pvpko) (Nash* 
Allison and Haringtonr WW)* or by treating macrophages 
with wmo before or shortly after exposure (Alliens* 
Harington and Mrbeek, 1«M). The polywerenter# the . 
secondary lysosomes with the particles and reacts with . . ^ 




when their protein coating ha# been digested esNky* 

‘ 
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ob immunologic al reaction * 


There are three possible ways in which free 
silica particles might cause immunological reaction#* 


Unlike organic dusts which may provoke an 
Arthus reaction mineral dusts - including free silica 
-do not act in this way. Theoretically* they may 
function as a hapten to produce a type 11 allergic 
response* but no satisfactory evidence to support this 
has been produced. Although some workers* notably 
Kashimura (1959)* have apparently demonstrated antibodies 
against quart# in experimental animals this observation 
has not been confirmed (Vloson et al, 1964)* and the 
result of the earlier experiments may have been due to 
bacterial contamination of quartz particles. 


They may modify the structure of some body 
protein and thereby produce antigen. Proteins absorbed on 
to the surface of quartz are denatured (Scheel et el* 
1954) and by virtue of this* may conceivably acquire 
antigenic potential. Gamma globulins are most likely 


to be Involved and when denatured in various way# 
have been shown to produce antibodies in experistei 


lit 


"iif 


r i 


'll 
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animals (Milgrora and witefesky. If *$* Me clusky# . Miller ' 
.«nd benaoe&ref* 19i3)* However* Jones and Heppleston . 





» ant 




■■■ 




2 0 




clearly demarcated liUeoUo 




or y-glofculin by immunofluorescence in experimental. 

ailicotin nodules, and there is no convicing evidence 
of such auto -antigenic activity in man* 

Recent work has offered evidence that lung 
connective tissue antibodies stimulate quartz-exposed 
macrophages to release a factor which stimulates 
synthesis of collagen a substance possessing antigenic 
potential by fibroblasts resulting in the production ©f 
more antigen (Lewis and Burrell, 1976) . This is of 
particular interest in view of that fact that the 
existence of human autoantibodies against denatured 
collagen now seems to be well authenticated in some 
disorders associated with collagen breakdown, end it hot 
been suggested that anticollagen antibody might stimulate 
fibroblasts to synthesize and secrete more collagen 
(Holborow at al # 1977) , If the presence of these events 
is substantiated they would imply ‘collaboration* between 
the immediate cytotoxic effect of free silica and a 
secondary and later contributory antigen-antibody 
reaction. 


(3) . By acting as an adjuvant a 

They may# like Freund *s adjuvant* Facilitate an 
allirglc reaction which would not otherwise OGGur(mm&4 
and Pexonette# 1962) » Hi experimental animal* the 
induction of hypersensitivity cause* larger and mere 
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quart®) than in control animals (Powell and Gough# 

1959) . 


Although experimental -work (Thiart and 
Hngelbrecht # 1967) has indicated that the ground 
substance of silicotic nodule sin rats consists# not 
of y - globulins but, of b-globullns derived from 
macrophages killed by quartz, human silicotic nodules 
apparently contain Ig and 1 g M which are found in 
the hyaline and among collagen fibres and may be tjouad 
to them (Perals# 1968) . Plasma fibres and may be cells 
around the periphery of actively developing lesions 
are believed to be the source of the immune globulins * 
These features vary widely in lesions from different 
subject and in different lesions in the same subjects * 
and in some they cannot beidentifled at all* 'They appear 
to be most prominent in actively ewvolvlng lesiona and 
absent from old inactive lesions. The nodules contain 
a variable amount of hyaline in which there is no more 
than about 40 per cent collagen (Vigliani and 
Pa mis# 1963) * 


It is possible# therefore# that imsmnoglobulin* 
may play a role in the evolution of the later stage* of 
silicosis# especially in the formation of conglomerate 
masses* In this respect it is of interest that amyloid 
lesions# in which autoimmune phenomena are thought to 





(Schultz, et al«, 1966) and complement and there ere 
similarities in the hyaline of both types of lesion 
( Pemis, 1968) . However, it may be that the presence 
of globulins is due simply to permeation of serum 
proteins which remain sequestered in the lesions 
(Heppleston, 1969), In view of the lack of agreement 
in reported observations a possible adjuvant effect of 
quartz or other types of free silica cannot be said to 
have been proved. 


Inhalation of crystalline silica by xrd.ce is 
reported to result in decreased T-lymphocyte activity 
in mediastinal lymph nodes but in increased activity 
in the spleen/ and in reduction of B-lymphocyte 
activity in both of these sites (Miller and Zarkower* 
1974a) . However, administration by the intravenous route 
does not apparently demonstrate unequivocal evidence 
of a direct effect on these cells although macrophage 
function is, in genera 1, depressed (Levy and wheelock, 
1975) # Alveolar macrophages of rat® which have inhaled 
quartz show an increase of surface receptor sites for 
1 g G and the C 3 component of complement (Miller 
and Kagan, 1977) , Hence, the possibility that inhalation 
of free silica might alter the development and 
expression of acquired immunity is obviously 


TO summarize 



Th® silicotic process appears to he Initiated 
hy the cytotoxic effect of free silica on alveolar 
macrophages and th® release of fibrogenic faetortsX 
from these cells* Antigen-antibody reactions have root 
until recently# been regarded as playing a pathogenic 
role in man but there increasing reason to believe that 
such reactions may develop at a later stage in the 
evolution of the disease in some cases. These reactions 
may be the result of an adjuvant effect or# as seems 
more likely# of the development of anticoll agan anti- 
bodies against denatured collagen stimulating increased 
collagen production. 


( 3 ) Prevalence# Incidence and Progession * 

(i) In the late 1940s the prevalence of coal 
pneumoconiosis in the UK was high due to a lock of 
adequate dust control measures over preceding years and 
a greatly Increased production drive during th« Second 
World ar. However# a great reduction in th® levels of 
airborne dust in the mines was achieved between those 
years and the early 1960s and# although the problems of 
dust control were exacerbated by increased mechanisation 

* '• ?TJ 

• ■ 10 m 

at the coal mines of since 1965# much progress has been ’ -l 

made in recent years m that conditions now mast current 
dust standards in all working area a (national coal board# 

1977* 1980) > - aabfc .- 
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(23 The British National coal Board (NCB) intro- 
duced a five years periodic X-ray schedule for all coal 
workers in all collieries in 1959 with two purposes in 
mind i to provide each examinee with the safeguard of 
regular chest radiographs j and to assess the effectiveness 
of dust suppression methods. Bye 1969 it was evident 
that a higher correlation exists between radiographic 
changes of pneumoconiosis and dust exposure when the 
mass of 'respirable' coal mine dust (size range 1 to 5 
yu m 3 is used as an index instead of the number of 
particles (in the same size range) /mm of air previously 
employed (Gacobsen at al, 1971) . Hence, gravimetric 
sampling has been employed in British coal mines since 
1970, PMF * Progressive Massive Fibrosis, 




(3). In Britain the prevalence of all categories 

of coal pneumoconiosis in working miners has fallen front 
13.4 per cent in 1959-60 to 5.2 per cent in 1978, due 
mainly to a more than 50 per cent reduction in 1 sample* 
pneumoconiosis jr and the prevalence of PMF in 1978 was 
o.4 per cent. This trend, which is the result of 
increasingly effective dust control is also reflected 
in the number# of cases first diagnosed by the 
pneumoconiosis Medical Panels in the UK with the 
important proviso that these include ex-miners* The • 
slight increase in 1975 was due largely# if not entirely# "f 
to the rallying of ex-miners by anew 
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compensation scheme* overall prevalence is higher in older 
(that is* over 44 years of age) than in younger age groups* 
but has fallen in both over this period arid* in South wales 
it has always been substantially higher than elsewhere* 
it has* also shown an encouraging decline (Rational Coal 
Board, 1977* 1980). 

(4) . A similar trend appears to have occurred in 
the USA where the recent prevalence of all categories is 
estimated to be 10*1 per cent and of PHI- * 0.4 per cent 
(Morgan and Lapp, 1976)? in Australia and ’ ;est ‘Germany * 
and probably in Prance and Belgium. However* it is not 
possible to make valid comparisons of prevalence between 
different countries because of differences in composition 
of coal-mine dust, v;orking conditions and* of course* the 
technique and standard of radiographic surveys and other 
criteria, Thera is some evidence that the rank of coal 
may Influence pathogenesis and, therefore* prevalence but 
the possible Importance of non-coal minerals- notably 
quart:; - in mine dust remains controversial (walton art *1* 
1977)# 

(5) . The incidence or prevalence rate of ’simple* 
pneumoconiosis that is* the number of men who develop 
pneumoconiosis per *$000 workers per year - is related 
chiefly to the mss of •respirable* dust over the period 

of exposure (ualton et al, 1977) which* in turn# correlate* 
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with the amount of coal and other mineral dust in the 
lungs (Rossiter, 1972a) • smoking habits do not, 
apparently, modify the attack rate of * simple* 
pneumoconiosis (Jacobsen, Burns and Attfield, 1977)* 

The attack rate of FMF is substantially greater in 
men with category 2 or 3 radiographs than in those with 
dategory 1 in whom it is very low. 


( 6 ). progression of pneumoconiosis appears to 
be related to the category of the radiograph when a man 
is first neon (Jacobsen, et al. , 1971). Recent analysis 
of the mean dust exposure of individual miners in 20 
British collieries has confirmed the correlation between 
level of exposure and radiographic progression over a 
ten-year period, calculations base- on analysis of the 


mean uu; 


concentrations over all coal faces in these 


colieries showed that, if the concentrations do not \ 

exceed 4,3 mg/m' on average over a 35 year period , the 
probafclity of category 2 or higher developing should 
not exceed 2*4 per cant (Jacobsen, 1973 and 1975) . Thi* 
prediction formed the basis of the permitted dust levels 
introduced in the British Coal mines in 1975. A similar 
conclusion was reached in Germany by Reisner (1971). 
Recently this general correlation between exposure to 
coal*Kiina dust and ‘simple’ pneumoconiosis has been 
confirmed unequivocally though the long-term risks 
appear to have keen underestimated by l to 2 per cm it 
age probability unite in the earlier computation 



) * A recent detailed 20 year follow-up 
ners and ex-miners in South Wales (Rhondda 


ihown that those with 'simple* pneumoconiosis 


bituminous mines ( >rtmeyer# Baler and Crawford# 1973) 


In ..0 minors and ...r.-mlner s wit: 


neurnoc on iosii 


who died in the quinquennium 1966-1970 


the range being 53 to 85 


et al# (1979) found that 


lancashire miners with ■‘MI’ was 72 years. In a group c 
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affects mortality in only a minority of cases. 


REFERENCES 


1# feat ion of pneumoconiosis Radiographs t 

It is Important that the technique of 
interpreting as veil as taking films should , as far 
as is practicable, be standardlzed-especially in the 
case of epidemiological surveys in order to reduce to a 
minimum discrepancies between different observer*. 
Hence various systems of classification have been 
proposed to standardize description of opacities but 
that proposed by the International Labour office in 
1959 and its subsequent modifications in ** 1970 and 
1971 with sets of standard reference films has been 
generally adopted (Jacobsen and Gilson, 1972# Liddell# 
1972) . .« • ' - ; .. ' O* “ 


further modification with a new bet of standard films 
has been introduced. The classification is designed 
to provide a means for recording systematically the 
radiographic abnormalities in the cheat provoked by 
the inhalation of dusts seen in standard (PA) 
radiographs (international Labour office# 1980) . In the 
main it seeks to do two things* to categorize the else 
or form of opacities and to indicate their profusion 
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2* The ancient occupation of quarrying and fashioning 
sandstone grindstones in ill-ventilated pits and caves in 
northern Nigeria has resulted in a 39 per cent prevalence 
rate of silicosis (varrell et al, 1975), and the disease 
is also found in various stages among women in the Transkei 
District of South Africa who have used similar stones for 


many years to grind maize and corn (Palmer and Daynes, 
1967). A recent survey of stone cutters in North India 
revealed a 35.2 per cent prevalence (Gupta et al, 1972) . 


ing Industry in 


survey in the dlatomite proce 


1953 - 1954 showed that 25 per cent of 251 workers with 


more than 5 years* dust exposure, and nearly 50 per cent 
of 101 workers exposed to high concentrations of calcined 
dust had radiographic evidence of pneumoconiosis which, 
in the main indicated nodular and confluent lesions. The 
majority of these employees has been mill hands handling 
calcined material. There were no cases among the quarry 


1958) 


4. Another radiographic survey of 869 diatomite workers 
revealed that of those who had been mill hands for more 
than five years 17 per cent had * linear - nodular* (Simple) 
pneumoconiosis and 23.2 per cent larger confluent opacities 
(Oechali, Jacobson and Brodeur, 1961), 


Rigorous dust controls in quarrying end 


" 3 • '' * l^p 
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plants, however, have resulted In the virtual elimination 
of new cases# For example, by 1974, 14*3.3 per cent ) of 
a work force of 428 men employed since 1853 in an American 
plant where these measures had been Introduced in the 
mid- 1950s has radiographic evidence of pneumoconiosis 


and this did not exceed ILO category 1/1. :.f 129 employees 
ecposed before 1953 only two mill workers (2.6 per cent) 
had category A opacities thought to Indicate pneumoconiosis 
(Cooper and Jacobson, 1977). 


6. Comprehensive studies have beers done by Motley, Smart 
and Valaxjo (1956) and Motley (1960). As in the case of 
other types of pneumoconiosis, abnormal values correlate 
poorly with radiographic appearances and good pulmonary 
function may be associated with fairly extensive 
radiographic changes, but large confluent lesions are 
usually associated with abnormal function. 


7. The earliest abnormality consists of linear of 
round (dodular) opacities, or both (linear * nodular) in 


and * lace-like * . It is unusual for the discrete round 


opacities to exceed about 2 mm in diameter and they have 
low contrast with the surrounding tissues# rarely 
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o . Surveys of workers in the Hi-sil, silane and 
Aerosil processes, in which men were observed, over periods 
of eight to 12 years, revealed no evidence of pneumoconiosis 
or harmful effects (Plunkett and oe Witt, 1962? Volk, 

1960 ) . 


9. A report that ‘amorphous silica dust* of 0.05 to 
0.75 am particle size originating from an electric -arc 
f arnace in a metallurgical process in which quarts was 


vaporised at temperatures in excess of 2350°C caused ‘nodular* 


f ibrotlc pneumoconiosis can hardly be accepted in view of 
the fact that the dust from this plant - which was shown 
to provoke pulmonary fibrosis of similar severity to that 
of quartz in animals -was, as the authors themselves state, 
identified by the .-meric an national Institute of 
Occupational safety and Health (NI03H) as criatobalite with 
a layer of amorphous silica (Johnson, Lewis and Groth, 

1973? Vi turns , et al, 1977). 


(4) Association of other Disease along with Pneumoconiosis 
Clinical features? 


Symptoms t 

It is important to emphasize that there may be 
no symptoms even though the radiographic appearances may 
be surprisingly advanced* 




Oeamdh m&v as thm dJL sease 
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°f variable* mainly in the mornings but sometimes 
intermittently throughout the day and night * In the later 
stages there may be prolonged and distressing paroxysms 
due* possibly* to irritation of nerve receptors in the 
trachea and bronchi by silicotic lymph node masses. 

Often there is no sputum or only a small quantity 
of mucoid appearance raised from time to time during the 
day. However* in advanced disease recurrent fcrochial 
infections tend to occur and produce quite a large volume 
of purulent sputum. There is no haemoptysis in the absence 
of other complicating disease. 

Unless there is accompanying chronic obstructive 
bronchitis of allergic asthma there is no wheeze* although 
some patients who have narrowing , distortion and fixity 
of the trachea and main bronchi caused by contiguous 
silicotic nodes may complain of stridor « especially during 
effort when there is increased velocity of air flow. This 
is an uncommon symptom. 


Breathlessness occurs as the disease advances* first 
during pronounced effort and later with lesser degrees of 
effort# it is rarely complained of at rest unless other lung 
disease is present. The presence and severity of dyspnoea 
and impairment of lung friction correlates poorly with 
radiographic appearances# 


Chest pain is not a feature of silicosis. 


. 
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General health la unimpaired unless tuberculosis 

or congestive heart failure supervenes * Haemoptysis and 
loss of weight may signal the presence of tuberculosis* 

Physical signs x 

The general physical condition is good but 
deteriorates with the onset of congestive heart failure 
and in the presence of tuberculosis. Central cyanosis is 
absent unless there is complicating heart or lung disease# 
and dyspnoea at rest suggests disease other than silicosis* 

Finger clubbing is not caused by silicosis and 
when observed is either of congenital type or evidence of 
other pathology. 

The chest contour is usually normal but in advanced 
disease there may be localized flattening of one upper 
zone possibly with some degree of dorsal scoliosis, 
expansion remains good and equal until a late stage of the 
disease when it may be somewhat diminished often on one 
side (where underlying fibrosis is greater) more than the 
other. 

The trachea is aorae times displaced to one side 
either by silicotic hilar masses or a large distorted 
conglomerate mass in an upper lobe* occasionally # herd# 
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Percussion note is unaffected unless there are 
areas of unusually dense pleural f ibrosis-chiefly In the 
upper zones. 

Breath sounds are normal of reduced by pleural 
thickening and inspiratory and expiratory stridor (of 
greater or lesser intensity) may be hoard over the trachea 
and at the open mouth when there is excessive distortion 
of trachea or main bronchi; when this sign is present it 
is persistent. 

Adventitious sounds are not heard in disease 
uncomplicated by chronic obstructive bronchitis or 
tuberculosis. 

In the advanced stage of silicosis the signs of 
pulmonary heart disease may eventually develop with or 
those of congestive heart failure. 






Investigations 
Lung Fun ction * 

In the early radiographic stages (ilo category 2 to 
3) impairment of any parameter of lung function is generally 
absent but in some cases slight reduction in VC and of 
artarial oxygen tension (on effort) may be observed* With 
■ore advanced disease* impairment is commonly present but 
often of a much less dooms than the r adiogr aphic eetoaerv 

; 







might suggest# There is & decrease of TLc, vc, rv, prc 
end compliance without evidence of airways obstruction 
and# in some cases, a slight reduction la gas transfer 
although this is often remarkably little affected even 
in the presence of advanced desease# Oxygen de saturation 
is not present at rest or on moderate effort (300 kg#«/ 
min) in the non-conglomerate stage of disease (Becklake, 


de Preez and Lutz , 1958), but may be observed on greater 
effort in some cases, as the disease progresses to malllve 


conglomeration in equality of gas distribution and of 


ventilation-perfusion ratio occurs resulting in some 


impairment of T1 in addition to the volume changes 


mentioned* However, in a study of non-smoking men with 


non-conglomerate ('simple') silicosis TI was not reduced 


and even in these with Category 3 and C conglomeration 


KCO was normal in most cases (Peculescu and Staneseu 


1970) . Ventilation - perfusion Imbalance and arterial 


oxygen di saturation on effort are determined by the 


extent of arteritis as well as by silicotic fibrosis# 


The best overb.il guide to the degree of 


respiratory disability in conglomerate desease is the 


ventillatory capacity, 


There is nothing characteristic in the patter** 


of impaired function in silicosis# 
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The earliest radiographic evidence of nodular 
silicosis of small discrete opacities of moderate 
radiodensity which appear in the upper halves of the lung 
fields and vary from 1 to 3 m m diameter (ILO category 
*p* and *&*) . It has been claimed , however that linear 
opacities accompanying the normal vascular markings are 
the earliest evidence of silicosis but this is not 
generally accepted (Ashford and Enter line, 1966), and 
appearances (of which it is difficult to be convinced 
do not correlate with morbid anatomical evidence of 


increase in number and size and occupy the lower as well 
as the other zones of the lung fields. In general they 
are roughly symmetrical in the two fields but are sometimes 


parate size and distribution, small conglomerations 


may then appear-usual ly , tout not always, in the upper Bones 


massive opacities which may occupy the greater part 



significant bowing and distortion of the trachea* 

Cavity formation in the absence of complicating 
tuberculosis is uncommon* Rarely# unilateral 
conglomeration is present in the absence of other 
evidence of silicosis* The curious tendency for the 
silicotic masses in Lipari pumice workers to occupy 
the lower lung fields# Occasionally the discrete 
opacities are small and very dense and may closely 
resemble the appearances of the calcified nodules seen 
in some case of 1 rheumatiod • coal pneumoconiosis and 
in microlithiasis . 


n important feature of some cases is evidence 


of lymph node calcification which is characterized by 
thin# very dense ring shadows around the nodes -so- 
called 'egg-shell* calcification . Modes most commonly 
involved are those of the hilar and mediastinal groups 
but other intrathorac ic nodes (for example# the 
Internal mammary chain) and extrathoracic nodes (notably 
the supraclavicular# cervical and axillary groups and 
occationally the intra - abdominal and inguinal groups) 
may also be affected (polacheck and Pi janowski# 1960) * 
Curiously# there appears to be no correlation between 
the intensity of the calcification and the amount of 
silicosis or the presence of pulmonary tuberculosis 
(Chieaura# Terriblle and Bardellini# 1968) # calcification 
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may be prominent when their is little or no obvious 


lung involvement, or absent in the presence of 


advanced silicosis . Although not a pathognomonic 
sign - as it is seen occasionally in sarcoidosis, 
tuberculosis, and histoplasmosis - predominantly 
peripheral calcification of hilar nodes is highly 
suggestive of silicosis or of exposure to some form 


of free silica, 


Evidence of diffuse bilateral pleural fibrosis 
is present in may cases and in advanced disease may be 
extensive and partly calcified; occasionally calcified 
thickening occurs with little obvious lung decease# 


The radiographic appearances of the rare cases 


of silicosis which develop exceptionally quickly bear 


little resemblance to those of typical silicosis, 


3 pacifies are numerous, widespread, small and ill- 


defined, and spontaneous pneumo thoraces age up to 


occur. 


l hough the different patterns of behaviour of 


silicosis appear to be determined mainly by the aaount 


of siliceous dust inhaled, idiosyneratic reaction 


seems to be involved. In general sudden Changes axe 


most to be due to complicating tuberculosis but 


occasionally they are associated with rheumatoid 


disease. The typical appearances of Caplan-type 
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reported (Chiesura# Bruguone and Mezaanotte# 196 If 
Gambini# Agnolett© and Magistretti# 1964# Lamrlli# 

1963) . occasionally large# ill defined opacities 
develop rapidly# exhibit vaccilant behaviour over 
subsequent years# and are sometimes associated with 
recurrent# transient pleural effusions in individuals 
with active rheumatoid arthritis or with high tltres 
of circulating RF without overt arthropathy. 


It is rarely necessary to use radiographic 
techniques other than PA # AP and lateral views for 


diagnosis# though tonography may be helpful in demonstra- 
ting silico-tuberculous cavities • Bronchography may 
reveal bronchial distortion# filling defects and localised 
bronchiectasis in cases with conglomerate masses . 


shunts in areas of conglomerate masses but not in 
discrete nodular disease (Tada et al*# 1974}* 


Biopsy of lung tissue should not be required 
for diagnosis# although examination of a scalene lymph 
node may resolve occasional problematical cases by 
demonstrating silicotic nodules* 
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tuberculosis may develop at any time* 

i 

Tests for circulating rheumatoid and 
ant imie liar antibodies positive, suggest the 
possibility of an underlying immunological cause 
for suddenly advancing tuberculosis negative 
silicoses, 

Electrocardiography may be required in advanced 
cases to establish or retuie the presence of cor 

pulmonale. 

Investigations for sarcoidosis may be Indicated 
on rare occasions to distinguish the two disease. 


The erythrocyte sedimentation rate is not raise 
in the absence of complicating tuberculosis or other 

disease « 


when a satisfactory occupational history is 
combined with good quality radiographs , nodular 
silicosis should rarely be mistaken for the diseases. 

The chief cause of misdiagnosis is failure $to recognise 
the 'silica* hazard of a past occupation, and the feet 
that the prevalence of silicosis is now low increases 
the possibility of this error. 


An isolated conglomerate lesion (so-called 

\ i : v A i m ■. : ( . ■ 

'•iliedsft'i oav be confused with bronchial carclnosa* ' 


RMHI . 
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xo a rxrst radiograph* Tomography may h&lp in 
the distinction by revealing multiple small densities 
within silicotic mass. 


Hhen silicotic lung lie ions and hilar and 
pulmonary lymph nodes are calcified it is necessary to 

exclude. 


firstly, tobacco, smoke is established as the 
over-whilmingly dominant respiratory carcinogen in man 
but certain minerals and chemicals are known to cause 
lung cancer bbth in smoker and non-smokers though the 
risk i* substantially greater in smokers - in short, a 
c ©carcinogenic effect* This excess risk in smokers applies 
to all known industrial carcinogens. However, the available 
evidence indicates that industrial carcinogens are 
responsible for only a small proportion of lung cancers, 
for the occupational conponent of all cancers is estimated 
to be approximately 1 to 5 per cent (Higginson and Muir, 
1976? Doll, 19771 wynder and Gori, 1977? Higginson, 1980) - 
possibly as much as 15 per cent in the USA (Cole, 1977) * 


Nonetheless, this group, though a minority is Important* 

A recent report by Bridbord at al, (1978)* which chains 
that some 30 per cent Of all cancers which develop in the 
next few decades will probably be wholly or party AM to 
industrial carcinogens, has been strongly criticised m 
being baeed on evidence winch is inadequate an a variety . 


of important respects (Leading article# 1978* Afeelson# 
1979* Morgan, 1979) * Hlgginson and Muir (1979) maintain 
that on present knowledge, ‘most cancers of presumed 
environmental aetiology can not readily fee ascrlfeed 
fc° industrial exposures, either point source or general 1 

Secondly, epidemiological stadias of cancer 
incidence in industry must have cohort* and mortality 
data (including hospital and post-mortem records) 
which are validly matched in all relevant respects and 
cover a sufficient period of time. This is important in 
view of the relatively oow attack rate of carcinoma of 
the lung and the long interval between cessation of 
exposure and development of the tumour in most cases 
(Kotin, 1968) . 


durvays in England and -'.ales have shown that# 
in spits of the fact that certain occupations are 
associated with a greater or lesser cancer risk than ths 
general population average, almost 90 per cent such 
variation disappears when comparison is made between 
individuals of similar habits and social class ( Registrar 
general 1978* Fox and Adelstein, 1978* Hlgginson# 1930s) * 
The 88 to 90 per cent of cancers which are of non- 
occupational origin are related to so-called ‘lifaatyla* 
factors - lifeatyla* feeing understood as ‘the total 

cultural# behavioural and dietary environment** It is 

S-- .V v . \ -■ > .■ ; , ; : ■■ ■ ■ '■■■■■■ - rS 

unlikely that earsiaofeaasis can fee conceived of $m 









vwxtibs ox any single mechanism » though ona may fea over 
whelraingly predominant* 'Thus, over 80 per cent of long 
cancers in men would not occur in the absence of the 
cigarette habit. In this sense, cigarette smoking may be 
considered the practical cause without precluding a 
modulating role for other factors, including individual 
susceptibility* (Higgins on, 1980b) • :Vt present therm is 
sonu controversy regardint the 'lifestyle* concept of 
carcinogenesis- the opposing aspects of which are 
exemplified by Spstein and Swartz (1981) and Peto (1980) 
but it is not appropriate to discuss this here. 


Thirdly, although animal experiments may give 
advanced warning of possible carcinogenic potential in 
man, extrapolation of tumour induction in animal to man 


Involves many pitfalls (such as drees of the suspected 
carcinogen administered , species response differences 
and spontaneously developing tumour) and is rarely velid 
in the absence of clear epidemiological confirmation in 
exposed workers (Morgan, 1978) • whether or not in vitro 
testing of bacterial mutagenesis in the presence of a sus- 
pected carcinogen will prove to be more validly applicable 
to man remains to be determined (Bridges and Fry, 1971) « 
Although rigorous epidemiological methods are essential 
for tetectlon of a cancer risk of low magnitude » as in 
raapiratory cancer* induced by ionising radiation in soma 
circumstances - *th« |M clinician remains the most 


Important mmant-m m of bnndn to 





1977 > Cole, 1977 ) 


Vvood and Gloyne (1934) first suggested that 
individuals with asbestos is might develop carcinoma of 
the lung and Her ewe the r (1949), in the UK, reported that 
14.7 per cent of men with asbestosis died of lung cancer 
between 1926 and 1947. Tha relationship was confirmed, by 
Doll (1955) who showed that asbestos textile workers with 
asbestosis and ten or more years exposure had a ten-fold 
excess risk of acquiring the disease. By 1955, 39*4 par 
cent of individual's with asbestosis kied of carcinoma 

* 

of the lung (21.6 per cent of males, 17.8 per cent of 
females) and at the and of 1963 just over 50 per cent died 
of an intrathoracic neoplasm (including four recorded 
•mesothelioma of pleura') (Buchanan 1965). A similar trend 
has been observed in the USA and elsewhere. This increase 


is attributable (at least in the UK to a combination of 


imporoved life expectancy of individual with asbestosis 
whose dust exposure during the 1930a to the 1950a was# in 
general worse than it has been since and to the steady rise 
in cigarette consumption tine® the 1920s# It appears that 
in individuals with asbestosis in Britain# who smoke# US* 
expectancy is reduce toy about ten years cospared with Mi 
smokers due# mainly # to torochial carcinoma (Berry# 1991 ). 


However# rigorous hygiene me as vires In a British 
asbestos textile factory over approximately 30 years 
following implementation of Asbestos Industry Regulations 
(1931) in 1932 resulted in there being little Increase is 
mortality from bronchial carcinoma among workers who 
entered the industry after 1932 (Knox, at al, 1968), although 
a further eight and a half year follow -up of this group 
has shown a slight increase in mortality from the tumour 
(Re to, et al, 1977) . 

As a rule the tumour arises in the vicinity of the 
lungs-usually the lower lobes (Hueper, 1966 ? Jacob and 
Anspach, 1965? Whitwell, Newhouse and Bennett, 1974), It 
may be of bronchial (central) or peripheral origin and its 
commonest histological appears to be adenocarcinoma which 
is mor frequently peripheral than are the other types 
(Hourihai e and Me Caughey, 1966? Hueper, 1966? uhitwell 
Newhouse and Bennett, 1974) . -Animals exposed to asbestos 
have shown a greater frequency of adenocarcinoma than 
sqaraous carcinoma with Canadian and Rhodesian chrysotile 
and an equal frequency of both tumours with other types 
of fibre ( wagner , et al, 1974) , Kannerstein and Churg 
(1974) however, did not find an over all excess of 
adenocarcinoma in a group of asbestos workers compared 





significance of their findings which were based on disparate 
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material derived from bronchial biopsy, seeondary deposit 



biopsy, surgical specimens and post-martem tissue 


Not unexpectedly the frequency of lung cancer is 
increased in the smokers compared with non-smokers ( 
Whitwell, Newhouse and Bennett, 1974) but as most of the 
information on this topic in asbestos workers has been 
derived in the main from epidemilogical and not post 
—mortem studies information concerning the presence or 
absence of asbestosis has been inadequate. The effects of 
smoking and asbestosis appear to be synergistic and 
multiplicative (saracci, 1977) . 


Although a relationship between asbestosis and 
carcinoma of the lung is well established in man and 
supported by observations in animals (wagner et al» 1974) 
there is some difficulty in regarding the fibrosis as 
directly responsible for the tumour because an excess 
of lung cancer does not occur with other fibrotic 


pneumoconiosis • But on the other hand, there is an 


increased risk of bronchial carcinoma in cryptogenic 
fibrosing * alveolitis * , 'honeycomb lung* and DIPS’ 
associated with the 'collagen disease * (Meyer and Liebow, 
1965# Godeau et al, 1974# Turner- Warwick, Burrows and 
Johnson, 1980) . The apparent lifik between impaired * 
lymphocyte function and clinical asbestosis (especially 
when advanced) in the absence of any evidence of lung 
cancer raises the possibility of reduced Immune ( 'Killer 
cell*) surveillance and destruction of potentially 

'-V - .'O'*- : - , ; 



neoplastic cells In asbestos is and a consequent increased 
propensity to develop malignancy* By contrast, patients 
with malignant pleural mesothelioma apparently have normal 
i lymphocyte responses and delayed hypersensitivity (Heslsm 
et al., 1978; Pierce and Turner -Warwick, 1980). 


The possibility, therefore, that asbestosls is 
associated with a reduced ability for the lung to destroy 
potentially malignant cells requires to be explored by 
detailed longitudinal studies of individuals with asbestos Is 
and. matched control from the point of view of the function 
of lymphocyte populations in bronchial washings and in the 
periheral blood, especially as there is evidence that T 
lymphocyte function in the lungs of smokers without asbestosls 
is impaired by comparison with the function of these dells 
in the peripheral blood (Daniel® et al, 1977) • 


This risk of bronchial carcinoma complicating 
asbestosls must always be borne in mind especially in 
individuals who smoke and have had long exposure to asbestosls 
In order to identify the growth as early as possible it is 
advisable to examine workers with more than ten years 
exposure to asbestos routinely at yearly intervals* 


Malignant mesothelioma of the pleura was first 

rel ated to exposure to ft ».e in the north —western 

' ;■ : ^ 
Game fcseoieee ef SMeitti Africa end in westeen Australia 





(Wagner, Sleggs and Marchand, I960, McNulty, 1966) and this 
has been confirmed among women who worked filling gas mask 
filters with pure crocidolite during the Second World war 
(Jones Pooley and Smith, 1976) • (Occupational exposures to 
pur® ehyrysotlle has been very uncommon but, when experienced 
does not seem to have been associated with mesothe li oma* 
(Elwood and Cochrane, 1964* McDonald, 1973b? Waiikis ,1977), 
However, a vary low incidence of the tumour has been reported 
in workers apparently exposed to pure chrysotile at the 
major mine in Quebec Province (McDonald, and McDonald 1977b) 
but when araphifeol® as well as chrysotile , fibres were 
found in the lungs of some workers from this site (pooley, 
1976) it was discovered that crocidolite had in fact been 
processed there for gas mask manufacture during the Second 
World ar. However, there is now convincing evidence that 
amosite may be responsible for some mesotheliomas in the 
USA (McDonald, 1980? McDonald and McDonald 1980) . Pure 
amosite exposure has been held responsible for the 
occurrence of mesotheliomal in a group of insulation 
workers in the USA (selikoff et al«, 1972). But the only 
source of supply of this fibreduring the relevant period 
was the Eastern Trans val where crocicolite and amossita 
are intimately associated. The pleural tumour has also 
reported in association with exposure to fibrous troaolito 



cases of mesothelioma appear to have resulted from 
pure anthophyllite exposure (Meurman, Klvlluoto and 
Hakama , 1974)* 


It is often claimed , as was originally thought 
that malignant mesothelioma follows trivial exposure to 
asbestos in the remote past but both epidemiological and 
pathological evidence has clearly shown that it is* in 
fact# dose- related - though not so strongly as asbestosis* 
The tumour rate tends to increase with intensity and 
duration may have been short in some cases# it has usually 
been intense (New house 1973 y Newhous and Berry# 1976* 

Pato# 1979) • Adose relation-ship is substantiated by the 
fact that the content of asbestos fibres in the lungs of 
mesotheoioma cases is significantly higher than in non- 
mesotheoioma cases and amphlbole fibre® are predominant 
( Pooley# 1973b* Whitewall Scott, and Grimshaw# 1977). Ib 
general however exposure levels tend to be less than those 
which produce asbestos is* 


The paradoxical situation in which there is a clear 
association between mesothelioma and exposure to 
crocidolite dust in the Cape Province whereas the occurrence 
of tumours following exposure to the geologically intimately 
related crocidolite and amosite of the Transvaal is vary 
rare has been explained by the fact that both the diameter 
and length of the Transvaal fibres are on eve .rst^ya bJbrs^k 
■ f < greater than the fibres which Imposes 
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ia Transvaal asbestos are likely to be liberated and 

they have a higher settling rate and , hence , may be 
less likely to reach the periphery of the lung* The fibraa 
of Australian crocidolifce which is also associated with 
malignant meaotelioma (Jones, Pooley and Smith, 1976 f 
Mlllne, 1976) are even smaller in diameter than those of 
caps crocidolite (Timfcrell, 1973) • 

There is no evidence that mesotheliomas of the 
pleura originate in parietal pliural plagues i and this 
is supported by radiographic evidence of bilateral 
calcified plaques or changes of asbestosis being found 
in only 12 percent of one large series of mesothelioma 
cases (times and 3 impsom, 1976)* 

Cigarette smoking is not related to the develop- 
ment of this tumour. 



Preliminary studies of cellular immunity in 
mesothelioma of the pleura have produced some what 
contradictory results, Haslam efcal, (1978) found no 
evidence of impaired T lymphocyte function either in 
vitro by FHA stimulation or in vivo by delayed hypor- 
sensitivlty skin tens ting though Wagner (1978) has 
reported depressed lymphocyte transformation to PH A* 
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Diagnosis of Pneumoconiosis depend as the 
occupational histoxy • Clinical symptomalogy# and 
Diagnostic Procedure a„g, Radiological examination# 
lung function test. X-ray examination is very important 
because it tells the extent of involvement. Various 
type of presentation, whether the change are reversible# 
which diagnosed after serial radiographs after reMOvel 
of occupational Pollutants. 


When the pneumoconiosis are under consideration 
it is particularly important that certain principle# which 
determine the appearance of the chest radiograph should 
be understood if errors of interpretation are to he 


Chest radiography is employed both for clinical 
and epidemiological purposes % the first to establish 
diagnosis# prognosis and guidance of treatment# the 
second to estimate prevalence and behaviour of disease 
in different industries# Our concern here is mainly with 
the first# i^iichevar the purpose# however# the highest 
possible standard of radiographic technique moat always 


be sought 
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THE STANDARD CHEST RADIOGRAPH 

Conventionally, the routine chest film is a 
postero-anterior (PA) view and is usually 12 x 15 inches* 
During X-ray exposure the subjects breath must lie held 
in the deepest possible Inspiration the mid-expiratory 
position suggested by the International Labour Office 
(1959) is not desirable as it is not capable of accurate 
control and prevents full expansion and, hence, optimal 
visualisation of the lung fields - a matter of importance 
in the examination of asbestosis subjects. The technique 
for taking good quality films is summarized in 
International classification of radiographs of 
Pneumoconiosis (ILC, 1970) • Too while (under exposed) or 
too dark (over-exposed) films are to be avoided, and the 
quality of serial films should, as far as possible, be 
kept comparable . The kilovoltage range in common use Is 
60 to 80 kv and with standard speed films it produces 
high quality pictures proviilng exposure time is less 
than about 0,08s. It is claimed that the quality and 
detail of the standard posteroanterior view is increased 
by using 110 to 140 kv range and a very fine, stationary 
lead grid (Jackson, Bohlig and Kiviluoto) , but this 


technique is not in general use* 


The subjects should be unclothed above the waist. 


and corsats and lumber belts removed because, in addition 


to obscuring t ha lower lung fields, these limit final 



inspiratory descent of tha diaphragm,. Failure to remove 
clothing may iaadl to confusing artefacts which are 
often subtle so that vigilance is required if they are 
not to he interpreted as evidence of pathology - 
especially if the obvious clue of pins and buttons is 
absent and it is taken for granted that the subject was 
stripped to the waist when the film was taken. 2hls 
problem is more likely to be encountered in periodic 
radiographic examinations of workers in industry than 
in clinical practice. 


consistency of technique is essential at all 
times in order to detect early radiographic changes and 
maintain a good comparative standard* This is particularly 
important in monitoring working industrial populations 
over a period of years . 


* 
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Th« costal margins of the lung fields should 
be followed from the lung spices to the costophrenic 
angles and then along the diaphragm to the c ardiophrenic 
angles. In this respect one should be familiar with 
the lower ’Companion shadows ' of the lateral chest wall 
which may be seen for afew rib spaces above the 
costophrenic angles in a proportion of normal PA JL JL1II& m 
These are triangular opacities whose lateral aspects 
are continuous with the rib shadows and their medial 
aspects usually well defined and vertical, while their 
lower parts lack definition. They are bilateral although 
not necesaarily symmetrically equal and are caused by 
the interdigitatlons of the serratus anterior and 
external abdominal oblique muscles, slight rotation of 
the chest during exposure of the films makes these 
shadows more prominent on one side than the other, when 
they may be misinterpreted as pleural lesions if their 
true nature is not recognized. However, they disappear 
completely on oblique views. 

Stage 2 - Central Region i 

The position* size and shape of the trachea, 
great vessels and heart are noted. The heart shadow, 
especially cm the left, must fee * looked through* for any 

abnormal opacity which may be superimposed upon it* 
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Stage 3 - Hilar Region s 

Tha position, size and shape of the hilar 
shadows - which are caused by the basal pulmonary 
artery and proximal parts of the pulmonary veins - 
are examined and the size and distribution of the 
pulmonary arteries passing to the lung fields noted. 


Stage 4 - hung fields; 

These should be examined in two stages. First# 
the pulmonary arteries ( * lung markings * 5 should be 
followed untill they are no longer visible which is 
usually in the outer third of the lung fields# and 
their branching and size (whether unduly thick or 
narrow} noted. These appearances are produced by 
vessels which run roughly parallel to the plane of the 
film# but those running in the ahfcerlor-postarior 
plane, and at right angles to that of the film# appear 
as oval or round opacities* If this is not understood 
they are sometimes wrongly interpreted as round lesions 
of silicosis (or some other discrete pneumoconiosis) 
when there is a relevant occupational history. 


Second, the vessels must# as far as possible# 
be ignored and the lung fields# ‘looked into* for 
opacities indicating lesions in the parenchyma# and 
their else, shape and distribution assessed* 
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corresponding regions ln both flelds ^ ^ 
compared throughout* 


-ach lung field is arbitrarily* but 
conveniently* sub-divided into three zones by two 
horizontal lines* drawn respectively through the 
anterior ends of the second and fourth ribs. These 
demarcate upper* middle and lower zones to which 
the distribution of abnormal shadows can be 
referred. 




1 * Discrete radiographic opacities of typical 
Pneumoconiosis at an early stage (Natural Siae) 




4* Hfceeiea Pneumoeoniotic conglomeration with ki-kateral 
upper son* pleural thickening and displacement of 
Trachea to the Right. Crushermajn in stonecrueher 
i 15-18 ye are. 
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Peripheral * Mixed* type of Pneumoconiosis in nan 
exposed to dust cavities are present in sense lesions 
end there is some Pleural thickening. No evidence 
of Pulmonary Tuberculoses. 








The modern substitute for white Portland cement, 


for construction of building is extensively manufactured 
fit used in many countries of the world* The employee in 
manufacture of Portland Cement are frequently exposed to 
dust. Gardner and others (1939) made a survey of 17 cement 
workers employing 2# 278 men* Dust contain from 1 - 30% of 
silica. X-Ray chest show nodular silicosis in only 8 out of 
2# 278 employees, and in 6 of these exposed to silica dust* 
The incidence of tuberculosis and other chronic affection 


of lungs was found. It was concluded that Prolonged 
inhalation of dust does not predispose to tuberculosis. In 
general, Gardner considered that the problem of dust disease 
of lungs in cement industry minimal. 


Agricola (1556) strongly advocated the 
ventilation of mines, for he know that dust entering the 
lungs caused disease associated with dyspnoea corrosive 
dusts. which ulcerated the lungs, producing consumption* 


Isbrand van Die MerbroecX (1609-79) Professor of 


Medicine in Utrecht, described how several stone cutters 


died of Asthma and he found at necropsy that to cut their 
lungs was like cutting a mass of sand and how stone cutto: 
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breathe la small splinters end turn asthmatic and 
consumptive* 

In 1943, cal vert Holland described the 
conditions of work amongst grinders of dry® tone and dust 
rose In clouds pervading the atmosphere in which they 
were confined* He discovered on examination that among 
97 men, 30 were suffering from Astharoa. He recorded 61 
died in 15 years aged 35 to 30 years of age. 

The dust, which is thus every moment Inhaled, 
gradually undermines the vigour of the constitutions, 
and produces permanent disease of the lungs, accompanied 
by difficulty of breathing, cough and a wasting of the 
animal frame, often at the early age of twenty-five. Such 
is the destructive tendency of the occupation, that 
grinders in other departments frequently refuse to work 
in the same room, and many sick clubs have an especial rule 
against the admission of dry grinders generally, as they 
would draw largely on the funds from frequent and 
continued sickness* In 1,000 deaths of persons above 
years of age, the proportion between 20 and 29 years, in 
England and wales, is annually 160. in Sheffield, : 
but among the fork-grinders, the proportion is the 
appalling number 475# so that between these two 
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the first stage of silicosis the radiograph 
«l»w the presence of discrete nodular shadows, circular 
* ^ m09t 2 “iUimetres In diamatar. They My 
pertlaily distributed throughout the films, more widespmw*. 
« generalised, but they remain discreta. mmUmm 
tl»r a*., in part, obscured by emphysema. la the wm 

! : . ' ! ; i'- ^ . • " ' ^ : ■' '' 7 








; 


■ : . . 

. ■ ' ' : ■ ' ' 

, . 1 : 

» ' i j , • 


ii ! 

1 J 



•' • 


stage the whole of both lung fields are occupied by 
nodular shadows# and there is some coalescence to form 
more or less dense opacities. In the third stage the 
radiographs indicate areas of massive consolidation# It 
is sometimes necessary to differentiate the X-Ray findings 
from those of chronic miliary tuberculosis# sarcoidosis# 
berylliosis# miliary carcinomatosis# siderosis# and the 
haemos ideroa is of chronic heart failure. 


In the present study, out of 96 cases 32 cases were 
having Pneumoconiosis . Total out of 32 cases of Pneumoconiosis 


Rosette formation seen in 28 persons (87.5%) . Calcified 
shadow seen in 1 case (3.2%) micronodular shadow 1 case 


( 3 . 2 %) Hilar lymphodenopathy 1 case (3.2%) 


Pulmonary tuberculosis may be present in any stage 
of silicosis. It may alter the symptoms# physical signs# 
radiological appearances and the whole course of the disease* 
It is the most frequent accompaniment of silicosis* since 
tuberculosis of the lungs may simulate silicosis in 
radiographs# no diagnosis should ever be made exclusively 
on radiographic appearances. 
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Th«y examined clinically 454 worker## and of these 266 
were selected for radiological examination* Judged fry 
X— rays# 112 of these men had silicosis* The workers most 
affected are the stone masons and after them the quarrymen# 
rock-getter## planers and wallstone dressers* Men who dig 
tunnels# sewers and graves in sandstone may be affected 
too* The disease appeared to become more common after 
forty years of age# and after twenty years in the industry* 


In 1929 Sutherland# Bryson and Keating investigated 
clinically 494 workers in granite# of whome 211 were 
examined radiologic ally* Judged by X— rays# thirty-six of 
these men had silicosis* Examination of the radiographs in 
the positive cases classed as silicosis shows that the 
prevalent type of the shadows indicating fifrrotie changes 
in somewhat different from that found in workers exposed 
to silica dust in other industries, in the radiographs of 
granite workers there are usually the increased hilar# 
linear and reticular shadows# but instead of the discrete# 
dense nodules found to a greater or less extent over the 
whole of froth lungs# there is a diffuse# cloudy or woolly 
effect with more or less definite fine or very fine nodules 
occuring in ars&s irregularly placed over the lungs# In the 
whole series the radiographs showing the most disowet# 
nodules of the silicotic type is in the case of a mm who 
worked for nine years as a driller on granite# hut had keen 
employed for eightoeo years as a 







Araon^fst the other cases# who had been almost exclusively 
employed on granite, there appears to be sow® relationship 
between the composition of the rock and the character of 
the fibrosis, as shown on the radiograph. 


In our study, out of 96 cases. .Pulmonary 
tuberculosis seen in cases 41(42.7%), chronic bronchities 
with erapymatous changes 23(23.9%) cases, and Pneumoconiosis 
in 32(33.3%) cases. Rosette formation calcification were 


the common finding 


Clinical evidence of fibrosis, as distinguished 
from radiological evidence of silicosis, was found in 260 
cases, or 52*6 per cent of the 494 workmen examined? but 
X-rays showed silicosis in 17 per cent only. Comparing the 
result of the medical examinations in the sandstone Industry 
and the granite industry, the proportion of cases of 
fibrosis amongst sandstone workers was 59 per cent of 
those examined compared with 52.6 per cent in the case 
of granite workers. The proportion of cases of silicosis 
in sandstone workers was 42 par cent of those radiological!.? 
examined, and 17 per cent in the case of the granite 
workers. If fibrosis of the lungs, diagnosed by clinical 
examination, be regarded as representing a slighter or 



cyp* produce less Injury to th® lungs than do th® 

sandstone* Having regard to the appearances of the 
radiographs in th® two aeries of workers# there is a 
probability of a difference in Character of the types of 
fibrosis produced by the two kinds of dust# and this 
probability is increased by the proportion of cases of 
fibrosis in the granite series showing an approximation 
to that found in the sandstone series while the proportic 
of silicosis cases remains for behind (Middleton, 1930) • 


arrer tun to tlftemn years or more? it included scattered 
nodular shadows, and rounded conglomerate masses which 
varied in shape and size and, in some cases, were seen to 
contain cavities# their presence was confirmed by 
necropsy* Thm clinical picture was that of a slowly developing 
silicosis, whereas the radiological and pathological 
findings more closely resembled those of pneumoconiosis 
of coal miners# copious black graphite-containing liquid 
was found in the lungs, with numbers of graphite bodies 
resembling asbestos is bodies in general form* $he largo 
mammt of carbon probably acted by upsetting the expulsive 
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uirtcttQ especially Into the health of metal grinder* 
using sandstone wheels* they included in the survey 
examinations of 201 dressers of steel castings and found 
that 22*8 per cent had pulmonary fibrosis. Their work laws 
done without the help of radiological and bacteriological 
examination*# their conclusions being made from clinical 
studies • In comparison# 73 per cent of a group of 49$ wet 
sandstone grinder* showed pulmonary fibrosis# the fettling 
of castings was therefore shown to tee a less unhealthy Job* 
It should tee noted that at this time fettling was don* 
mainly with hand tools# pneumatic tools came into more 
general use later. When the silicosis compensation schemes 
came to be formulated steel dressers# but not iron dressers 
were scheduled as a group entitled to compensation for 
silicosis. 


Harding, Gloyne and McLaughlin applied the term 
mixed dust pneumoconiosis or mixed dust fibrosis* The s ur v ey 
directed by Dr. A.I.G. McLaughlin was a concerted effort 
by employers, trade unions* Government departments# 
statisticians# pathologists# radiologists# clinicians end 
engineers. The investigations included the result* of 
clinical and radiographic examinations of 3# 059 workers 
in 19 foundries# an analysis of the records of lungs 
Si ***** in #mi mAnr worVfltre in the files ef the Vaefeerv 




Department and the Silicosis Medical Board* pathological 
Investigations* of the lungs of 64 foundry workers and dual; 
surveys in three foundries* As a result of this work* tinder 
the Iron and Steel Foundries Regulations, 1953* which became 
fully operative in 1955, iron foundry workers are protected 
by special regulations and paid benefit if they develop 
pneumoconiosis , 


In present study fete co-relation of Pneumoconiosis 
with durations of illness among 32 patients out of 96 cases 
studied give very interesting co-relation of duration of 
exposure. Those exposed for 5 years to 10 years showed 
incidence 25% in 8 cases only and those exposed for 10 years 
to 15 years having high incidence of 11 (34.6%) out of 32 
cases and for those who exposed for 15 years to 20 years durat 
ion 13 (40.6%) highest* The clinical findings were also same 
in all the persons like chest pain* cough and expectoration 
and Dyspnoea were present cent percent. Haemoptysis were low 
only 10 (10.4%). 


In 1943 all the workers in the factory were 
interviewed and occupational histories taken. It wes found 
that out of 163 men employed* twenty-two had worked in coel 
mines* end of these* nineteen showed radiographic evidence 
of either reticulation* nodulatlon or massive shadow#* a 



ractor not considered in certain reports 
on the disease, in 1944 further radiographs were made# 
and these revealed a man who had worked on the shredder 
for a year and who showed in his cheat the radiographic 

changes. 

Thus it is concluded by present study that 
patients who are working as stone cutters in stone 
grinding machines in stone crushers near by Jhansi area 
are defenitly affected by the Pneumoconiosis, The long 
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The prasant study "A radiological stud* of 
PNEUMOCONIOSIS IN PERSONS WORKING IN STONE CRUSHERS III 


JHANSI DISTRICT 


Radiology, M.L.B. Madical College, .Jhansi between July 
1987 to August, 1988* 


Patients selected were from working In stone 
crushers area near by Jhansi district* The person having 
duration of work in dust area 5 years or more were 


included in the study 


Total 96 persons working in stone crusher were 
studied, they were subdivided according to duration of 
exposures into 3 groups i.e*~ 


Detailed history includes symptomatology clinical 
examinations were taken* Each patient was investigated 
Raddologically for chest examination* 
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PA view and lateral view. All the Radiological 
investigations were performed in the Department of 
Radiology# H.L.B. Medical College# Jhansi, The 
observations could be summarised as follow. The 
following conclusion could be made t 


(1) The review the X-rays out of total 96 cases were 
having changes of Pneumoconiosis out of 96 cases studied* 
Pneumoconiosis was found in 32 eases (33*3%) chronic 
bronchitis was seen alongwith enphyseraa 23 cases £23*95%) 
Pulmonary tuberculosis was found to be in 41 cases (42*7%) 


Out of 32 eases of Pneumoconiosis# 8 cases were 


(25%) having duration exposure 5-10 years# 11 cases 
duration of exposure 10 - 15 years (34*4%) # 13 cases 
(40*6%) were having duration of exposure 15 - 20 years 


(3) Pneumoconiosis presented as Rosette formation in 
28 cases (87*5%)# calcification was seen only In 1 case 
(3*2%)# micro-nodular shadows seen 1 case (3*2%) . 
Lymph-adenopathy* (Hilar) seen in 1 case (3.2%)* Son of 
the patient showed macro nodular shadows* 


After reviewing the above finding following 
conclusion could be made* 
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